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ABSTRACT 

Both Ago and Ag 0 are a c t i v a t e d  by h e a t  t o  adsorb oxygen o r  2 

some o t h e r  gas from t h e  atmosphere. The m i n i m u m  a c t i v a t i o n  

temperature  appears  t o  be  about 60' f o r  Ago w i t h  more e f f e c t i v e  

a c t i v a t i o n  occurr ing  a t  h ighe r  temperatures .  

determined f o r  Ag20; however, s i g n i f i c a n t  adsorp t ion  does occur  

on t h e  material. 

appears  t o  be  increased .  A t  t h e  same t i m e ,  t h e  weight l o s s  dur ing  

h e a t i n g  i s  g r e a t e r .  This  sugges t s  an a c t i v a t i o n  f o r  both ad- 

s o r p t i o n  and desorp t ion .  On t h e  o the r  hand, repea ted  s h o r t  per iods  

a t  66' seem t o  have an oppos i te  e f f e c t  as though t h e  material 

were be ing  annealed-  

No minimum has  been 

I f  long pe r iods  a t  66' are repea ted ,  a c t i v a t i o n  

The maximum amount of subs tance  adsorbed i n  t h e  experiments 

performed thus  far corresponds t o  about 50 m l  o f  gas f o r  an amount 

of Ago equ iva len t  t o  one ampere-hour. 

Pre l iminary  mezsurernente show t h a t  t h e  open-c i rcu i t  poten- 

t i a l s  of t h e  potassium-amalgam e l e c t r o d e  i n  9.84 - VF KOH range 

from about 1.745 V t o  1.806 L7 - vs t h e  Hg/HgO re fe rence  as t h e  

amalgam concen t r a t ion  ranges from 0.001 t o  0.006 AH/g Hg. 

d r i f t  i n  t h e  p o t e n t i a l  is observed wi th  t i m e .  

A slow 

Gold c h l o r i d e  and s tannous oxide d i s so lved  i n  concent ra ted  

KOH are u n s a t i s f a c t o r y  cathode materials. The copper-amalgam/ 

c u p r i c  ammine systerri may prove u s e f u l  as a cathode al though t h e  

conduct iv i ty  of t h e  e l e c t r o l y t e  s o l u t i o n  i s  low. The zinc- 

amalgarn/zincate system shows promise of  f a i r i y  h igh  d ischarge  ra tes ,  

bu t  t h e  Open-circuit  p o t e n t i a l  o f  t h i s  cathode combined w i t h  t h e  

potassium-amalgam anode is only 0.57 V. 
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The o b j e c t i v e s  of t h e  c o n t r a c t  are four-fold:  

(1) Study of t h e  reduct ion  of Ag(1) by z inc .  

(2) Study of  t h e  thermal  decomposition of Ago and Ag 0. 

(3)  Study of  t h e  amalgam e lec t rode .  

( 4 )  Study of t h e  evo lu t ion  of gas a t  e l e c t r o d e s .  

This r e p o r t  w i l l  be l i m i t e d  t o  t h e  second and t h i r d  o b j e c t i v e s .  

2 

A. THERMAL DECOMPOSITION OF Ago AND Ag20 

Experiment a1 

The procedure used i n  t h e s e  experiments has  been l a r g e l y  

descr ibed  i n  a previous r e p o r t  . A l l  samples were exposed t o  the  

l abora to ry  atmosphere throughout t h e  experiments.  

1 

Resu l t s  and Discussion 

The experiment which w a s  i n  progress  a t  t h e  t i m e  of t h e  las t  

1 r e p o r t  was continued. The sample was hea ted  success ive ly  a t  66O, 

76O,  and 86 wi th  room-temperature i n t e r v a l s  between. No at tempt  0 

was made t o  e s t a b l i s h  cons tan t  weight .  

F igure  1. 

The r e s u l t s  are shown i n  

The i n i t i a l  s l i g h t  rise a t  room temperature  is  unimportant,  

probably.  Some mois ture  pickup might b e  expected,  a l though t h i s  

has  n o t  been observed i n  most i n s t a n c e s .  Heating a t  66' f o r  about 

4 days brought t h e  weight down t o  25.620 mg. 

ga in  weight immediately a f t e r  t h e  h e a t  was turned  o f f .  

The sample began t o  

It should 

be  noted t h a t  re-establ ishment  of room temperature  r equ i r ed  about 

two hours  although t h e  i n i t i a l  temperature  drop w a s  r ap id .  The 

a r b i t r a r y  d e c i s i o n  was made t o  h e a t  t h e  sample dur ing  each thermal  
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cyc le  u n t i l  t h e  weight  had decreased t o  25.62 mg. 

Severa l  i n t e r e s t i n g  p o i n t s  may be  seen  i n  F igure  1. For any 

g iven  pe r iod  a f t e r  t h e  h e a t  was turned  o f f ,  t h e  amount of material 

adsorbed inc reased  as t h e  number of thermal  cyc le s  inc reased .  

a l l  cases, weights  i n  excess  of t h e  o r i g i n a l  room-temperature 

weight  were obta ined  dur ing  t h e  room-temperature segment of t h e  

cyc le .  

i n g  a cons t an t  va lue  and was 0.360 mg g r e a t e r  than  t h e  i n i t i a l  

sample-weight; t h i s  r e p r e s e n t s  an i n c r e a s e  of  about 1.5%. 

I n  

The f i n a l  weight r epor t ed  i n  t h i s  experiment was approach- 

A f t e r  completion of t h e  set  of cyc le s  descr ibed  above, t h e  

temperature  of t h e  sample was inc reased  and h e l d  a t  230' f o r  about 

18 hours  i n  o rde r  t o  completely conver t  t h e  material t o  Ag 0. 

was assumed t h a t  t h i s  was accomplished, a l though no tests were 

made. The sample was cooled t o  room temperature  and l e f t  t o  s t a n a  

as be fo re .  The r e s u l t s  are shown i n  F igure  2. The t o t a l  g a i n  i n  

weight on t h i s  material was s l i g h t l y  g r e a t e r  than  t h e  qPxlmum 

observed on Ago. 

and t h a t  f o r  Ag20 was 1.87%. The a c t u a l  change i s  n o t  g r e a t l y  

d i f f e r e n t  i n  t h e  two cases and i t  may be t h i s  q u a n t i t y  which is 

important  here .  

It 2 

The maximum percentage  change f o r  Ago was 1.78% 

A sample of Ago w a s  t r e a t e d  to a modified series of thermal  

cyc le s  i n  which t h e  high-temperature p o r t i o n  was he ld  a t  66' 

throughout t h e  experiment and each segment of  t h e  cyc le  was 

maintained u n t i l  cons tan t  weight was obta ined .  Constant weight 

was assumed i f  t h e  change was less than  5 pg over a 24-hour per iod .  

The r e s u l t s  are shown i n  Table 1. Constant weight ,  as de f ined  
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above, had n o t  been a t t a i n e d  when t h e  second h e a t i n g  segment w a s  

terminated.  

The d a t a  are s p a r s e  and t h i s  experiment should be  r epea ted ,  

no doubt.  However, 24 day& were requ i r ed  t o  o b t a i n  t h i s  informa- 

t i o n  and o t h e r  experiments seemed more important  at this  tine. 

It i s  seen  t h a t  t h e  first l o s s  was comparatively small, be ing  less 

than  t h a t  observed i n  Figure 1. 
I 

The expected ga in  above t h e  

i n i t i a l  weight was observed on cool ing.  The r e s u l t s  of t h e  second 

thermal  cyc le  are s i g n i f i c a n t  i n  t h a t  t he  l o s s  was about four-fold 

g r e a t e r  whi le  t h e  ga in  w a s  th ree- fo ld  g r e a t e r .  Thus, repea ted  

thermal  cyc le s  appear t o  inc rease  t h e  adsorp t ion  capac i ty  of t h e  

material even when t h e  upper temperature  i s  kept  t h e  same dur ing  

t h e  experiment.  The increased  weight- loss  on t h e  second h e a t i n g  

a l s o  sugges ts  t h a t  d e f i n i t e  thermal decomposition of t h e  o r i g i n a l  

material is  occurr ing  o r  t h a t  t h e r e  i s  thermal  a c t i v a t i o n  f o r  

deso rp t ion  as w e l l  as f o r  adsorp t ion .  

A set of experiments is  i n  p rogres s  t o  determine t h e  minimum 

h e a t i n g  t i m e  a t  66' t h a t  i s  requi red  t o  activate Ago. 

d a t a  i n d i c a t e  t h a t  h e a t i n g  times less than  about 8 hours  cause 

very l i t t l e  a c t i v a t i o n .  

about 18 hours and t h e r e  was d e f i n i t e  i n d i c a t i o n  of a weight 

i nc rease  a t  room temperature ,  a l though t h e  weight loss dur ing  

h e a t i n g  was s l i g h t .  

Prel ini inary 

The las t  h e a t i n g  pe r iod  w a s  extended t o  

The p o s s i b i l i t y  t h a t  some s o r t  o f  annea l ing  

process  occurs  dur ing  repea ted  short- term h e a t i n g  cannot be d i s -  

counted. 

hea t ing  pe r iod  w i l l  have a d e f i n i t e  e f f e c t  on subsequent adsorp- 

t i o n  even though no f u r t h e r  weight loss occurs .  

It i s  a l s o  p o s s i b l e  t h a t  t h e  l eng th  of  any p a r t i c u l a r  
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i 

# 

A series of experiments w a s  performed t o  determine t h e  

m i n i m u m  temperature  a t  which the  onse t  of a c t i v a t i o n  occurs.  The 

r e s u l t s  sugges t  t h i s  minimum t o  b e  about 60'. 

s h o r t  pe r iods  of h e a t i n g  a t  t h i s  temperature  a l s o  seem i n e f f e c t -  

ive ,  i t  may be t h a t  g r e a t l y  prolonged h e a t i n g  a t  lower tempera- 

t u r e s  would u l t i m a t e l y  cause a c t i v a t i o n .  This  p o i n t  i s  probably 

worth f u t u r e  i n v e s t i g a t i o n  because i t  is  q u i t e  p o s s i b l e  f o r  dry- 

charged b a t t e r i e s  t o  be  s t o r e d  f o r  extended per iods  a t  f a i r l y  

h igh  temperatures  ; 45 would n o t  b e  unreasonable i n  t r o p i c a l  

reg ions .  I f  thermal  a c t i v a t i o n  occurred a t  such temperatures  over 

a long pe r iod ,  t h e  b a t t e r i e s  might be expected t o  gas when put  

i n t o  ope ra t ion  a t  some la te r  t i m e .  I f  one assumes t h a t  t h e  

material adsorbed is  oxygen, then t h e  maximum observed so f a r  

corresponds t o  about 250 ~1 on 24.7 mg of Ago. I f  t h i s  is ex- 

tended t o  a 1 ampere-hour cell ,  one might p r e d i c t  release of more 

than  50 m l  of gas--a formidable 

a v a i l a b l e  i n  a ce l l .  

However, s i n c e  

0 

q u a n t i t y  i n  t h e  space usua l ly  

Proposed Work 

Work i n  p rogres s  w i l l  be  continued. Controlled-atmosphere 

work (e.g. ,  vacuum, pure  oxygen, pure  n i t r o g e n ,  e t c . )  w i l l  begin 

as soon as poss ib l e .  

which have n o t  been prepared 

e f f e c t  of q u a n t i t y  and d i spe r s ion  of t h e  sample on t h e  adsorp t ion  

characteristics w i l l  be  inves t iga t ed .  It is  suggested t h a t  long- 

term a c t i v a t i o n  s t u d i e s  between 25' and 60' be considered. 

Experiments w i l l  be  extended t o  AgZO samples 

through t h e  reduct ion  of Ago. The 
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B. AMALGAM ELECTRODES 

Experimental  

Attempts were made t o  measure t h e  open-c i rcu i t  p o t e n t i a l  of 

t h e  potassium-amalgam e l e c t r o d e  a t  va r ious  states of charge i n  

9.84 _. VF KOH. The cel l  con ta ine r  was a Kontes No. K-25005 Uni- 

v e r s a 1  E lec t rode  Holder which c o n s i s t s  of a 125-ml Erlenmeyer 

type f l a s k  wi th  v e r t i c a l  side-arms a t t ached  oppos i t e  each o t h e r  

near t h e  bottom. These side-arms are cons t ruc t ed  wi th  s tandard-  

t a p e r  j o i n t s  so t h a t  e l e c t r o d e s  can be i n s e r t e d  whi le  main ta in ing  

a c o n t r o l l e d  atmosphere w i t h i n  t h e  f l a s k .  

f l a s k  ( c e n t e r  s e c t i o n )  was a s tandard- taper  female j o i n t  and was 

equipped wi th  a Teflon s toppe r  through which a g l a s s  tube could 

The opening t o  t h e  

be i n s e r t e d .  

The r e f e r e n c e  e l e c t r o d e ,  an Elec t rochemica l  Research 

Assoc ia tes  Hg/HgO e l e c t r o d e  i n  20% KOH, was i n s e r t e d  in one s i d e -  

arm. 

was passed i n t o  t h e  ce l l  through t h e  o t h e r  side-arm. About 2 .2  g 

of Hg f o r  t h e  amalgam e l e c t r o d e  w a s  contained i n  a Kontes No. 

K-25605 Amalgam Elec t rode  Holder mounted i n  t h e  c e n t e r  s e c t i o n  of 

t h e  c e l l  w i th  c o n t a c t  be ing  made through t h e  h o l e  i n  t h e  Teflon 

The e l e c t r o d e  h a s  a p o t e n t i a l  of 0.098 V E SHE. Nitrogen 

s toppe r .  

a t  24.6'. 

The complete u n i t  w a s  mounted i n  a water ba th  c o n t r o l l e d  

Measurements were made wi th  a Leeds and Northrup K-3 

poten t iometer  and Leeds and Northrup Model 2430-C guarded galvano- 

meter. Because t h e  v o l t a g e  of t h e  complete celJ exceeded t h e  
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range of t h e  poten t iometer ,  a b a t t e r y  of a c c u r a t e l y  known vo l t age  

was p laced  i n  t h e  c i r c u i t  t o  ba lance  p a r t  o f  t h e  amalgam-cell 

vo l tage .  

found t o  be  too  uns t ab le  and it w a s  rep laced  wi th  an  Eppley 

S tuden t ' s  s t anda rd  ce l l .  

The mercury c e l l  i n i t i a l l y  used f o r  t h i s  purpose was 

The e l e c t r o l y t e  s o l u t i o n  i n  t h e  c e l l  w a s  swept wi th  n i t r o g e n  

which had been passed through a bubbler  t r a i n  conta in ing  a 

2 vanadous s o l u t i o n  t o  remove oxygen. The c e l l  was allowed t o  

reach temperature  equ i l ib r ium w i t h  the  b a t h  be fo re  t h e  amalgam was 

charged. 

plat inum wire mounted i n  t h e  side-arm con ta in ing  t h e  n i t r o g e n  

i n l e t .  

The counter  e l e c t r o d e  f o r  t h e  charging process  w a s  a 

So lu t ions  of var ious  subs tances  which seemed t o  show promise 

as cathode materials were t r i e d .  These subs tances  were d i s so lved  

i n  concent ra ted  base  and p laced  i n  con tac t  w i t h  a mercury pool .  

The r e s u l t i n g  e l e c t r o d e  was "discharged" by pass ing  a c u r r e n t  from 

a cons tan t -cur ren t  power supply through t h e  system . 1 

The zinc-amalgam e l e c t r o d e  w a s  charged and discharged a t  a 

3 hanging drop as previous ly  descr ibed  . 

Resul ts  and Discussion 

The r e s u l t s  of  measurements of t h e  potassium-amalgam open- 

c i r c u i t  vo l t age  a t  va r ious  amalgam concent ra t ions  are shown i n  

Table 2.  These r e s u l t s  must be  considered pre l iminary .  The d r i f t  

i n d i c a t e d  i n  Table 3 i s  n o t  s u r p r i s i n g  since t h e  potassium-amalgam 

is  known t o  d ischarge  s lowly a t  t h i s  KOH concent ra t ion .  

t h e  3-mV scat ter  seen  i n  Table 2 seems excess ive .  Some of t h e s e  

However, 
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d a t a  were taken  us ing  t h e  mercury bucking ce l l ;  t h i s  might account 

f o r  some scatter. 

The several materials chosen t o  t r y  as active materials f o r  

amalgam cathodes were s e l e c t e d  on t h e  b a s i s  of  t h e i r  s tandard  

p o t e n t i a l s 4  and t h e i r  tendency t o  d i s s o l v e  i n  t h e  e l e c t r o l y t e  

s o l u t i o n  chosen. Most were known t o  d i s s o l v e  f a i r l y  r e a d i l y  in 

a l k a l i n e  s o l u t i o n  through t h e  formation of  s o l u b l e  hydroxy- 

complexes. 

Gold c h l o r i d e ,  AuC13, was d i s so lved  i n  9.84 - VF KOH. In  

p r i n c i p l e ,  i t  should be  r e a d i l y  reduced t o  t h e  metal which should 

amalgamate e a s i l y .  However, i t  was found t o  be  too  i n s o l u b l e  f o r  

our  purposes and, fur thermore ,  i t  ox id izes  mercury q u i t e  r e a d i l y .  

The s tandard  p o t e n t i a l  suggested t h i s  p o s s i b i l i t y ,  bu t  i t  was 

hoped t h a t  t h e  rate would be  s u f f i c i e n t l y  slow t h a t  t h e  system 

could be  used. 

Stannous oxide i s  known t o  be  amphoteric and t i n  should 

amalgamate. 

go ld ,  should be  s a t i s f a c t o r y .  However, SnO d i sp ropor t iona te s  

r a p i d l y  i n  concent ra ted  a l k a l i  t o  form t h e  metal and SnO 

It's p o t e n t i a l ,  a l though n o t  as favorable  as t h a t  of 

which i s  2 

n o t  s o l u b l e .  Therefore ,  t h i s  system i s  n o t  s a t i s f a c t o r y .  This  

behavior  has  been r epor t ed  i n  t h e  , l i t e r a t u r e  . 5 

Gold and silver ammines were d iscarded  s i n c e  they  are known 

t o  form dangerously explos ive  "fulminates".  

apparent ly  forms no such subs tance  and i s  h i g h l y  s o l u b l e  i n  con- 

c e n t r a t e d  ammonia. A c e l l  was cons t ruc ted  us ing  a mercury pool  

i n  a C U ( N H ~ ) ~ ~ +  - NH s o l u t i o n .  This  was "discharged" through a 

However, copper 

3 
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power supply.  

obtained--close t o  1 A/cm2--the cel l  r e s i s t a n c e  was found t o  be 

extremely high.  This  is probably caused by t h e  f a c t  t h a t  ammonia 

i s  only  s l i g h t l y  d i s s o c i a t e d ,  p a r t i c u l a r l y  a t  t h e  h igh  concentra- 

t i o n s  used. 

then  i n s u f f i c i e n t  t o  provide a h i g h l y  conducting system. I n  s p i t e  

of t h e s e  problems, t h e  copper-ammine system should n o t  be r u l e d  

out  as an u l t i m a t e  p o s s i b i l i t y .  

Although f a i r l y  h i g h  cu r ren t -dens i t i e s  could be  

The concen t r a t ion  of t h e  copper-amine complex was 

2- The p o s s i b i l i t y  of  t h e  Zn(OH)4 - Zn(Hg) - KOH system as a 

cathode was considered.  This would n o t  provide  a high c e l l  

vo l t age  i n  conjunct ion  wi th  a potassium-amalgam anode b u t ,  i f  h igh  

c u r r e n t s  could be  obta ined ,  might be usable  i n  a special-purpose 

b a t t e r y .  The r e s u l t s  of  a series of  charges and d ischarges  are 

shown i n  Table 4. Good recovery is obta ined  a t  charge and d i s -  

charge rates of 2,687 mA/cm2 , whi le  less s a t i s f a c t o r y  though 

accep tab le  recovery was obta ined  a t  5,373 mA/cm . 2 

2- - A c e l l  was cons t ruc ted  c o n s i s t i n g  of a Zn(Hg) - Zn(OH)4 

KOH h a l f - c e l l  and a K ( H g )  - KOH 

br idge  plugged w i t h  g l a s s  wool. 

5,800 mA/cm and w a s  allowed t o  

wi thout  a p p l i c a t i o n  of  e x t e r n a l  

ob ta ined  on d i scha rge  was about 

of t h e  area of  t h e  mercury pool  

maximum was probably imposed on 

2 

h a l f - c e l l  connected through a s a l t  

The complete cel l  was charged a t  

d ischarge  through a r e s i s t o r  

power. The maximum curren t -dens i ty  

200 mA/cm , c a l c u l a t e d  on t h e  b a s i s  

i n  t h e  Zn(Hg) e l ec t rode .  This 

t h e  system by t h e  high c e l l  resist- 

2 

ance. The open-c i rcu i t  p o t e n t i a l  was 0.57 V. 
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Proposed Work 

The search for possible cathode systems will be continued. 

Open-circuit measurements of potential w i l l  be made with more 

potassium- and sodium-amalgam electrodes. Methods for construct- 

ing complete amalgam c e l l s  w i l l  be considered. 
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Table 1 

Adsorption and Desorpt ion of Ago 

Temperature was he ld  a t  about 65' dur ing  t h e  h e a t i n g  segment 

of t h e  cyc le  and a t  room temperature  dur ing  t h e  rest of t h e  cycle .  

Each segment was continued u n t i l  cons t an t  weight was a t t a i n e d .  

Gain and l o s s  is expressed wi th  r e f e r e n c e  t o  t h e  i n i t i a l  weight  

a t  room temperature. 

Segment 

1st hear  

1st coo l  

2nd h e a t  

2nd coo l  

55 

160 

105* 

*Constant weight n o t  a t t a i n e d .  
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Table 2 

Potassium-amalgam Open-circuit Potentials 

E vs Hg/HgO* oc - Capacity 
(AH/g Hg) (VI 

(9.001 

0.002 

0.003 

1.74626 

1.74341 

1.77806 

1.77514 

1.80312 

1.80224 

I. 80326 

0.004 1.8060 1 

0.005 1.806 12 

0.006 1.80640 

*Potential of Hg/HgO reference is +0.098 V. 
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Table 3 

Potassium-amalgam Open-circuit Voltage Drift 

Electrode was charged t o  0.003 AH/g H g  

Time 

t 
1 hr 

E vs Hg/HgO oc - (VI 
1.7887 1 

1.78808 

1.78766 

1.78759 

0 1.80318 

1 day 1.79860 

3 days 1.79312 
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Table 4 

Charge and Discharge Characteristics of the Zinc-Amalgam Electrode 

Total Charge 

(A-hr x 10 ) 

3.8  

5 

3 . 1  

3 .5  

4 . 1  

2 . 8  

2 . 2  

Current-Density* 
2 ( d t m  1 

1343 

1343 

2687 

2687 

5373 

5 3 f 3  

Charge Recovery 

(%> 

96 

100 

95 

95 

84 

77 

* Charge and discharge rates are the same i n  each run. 
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F i g .  2 Adsorption on Ag2O 
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